NSF announces its first Solar Energy Initiative (SOLAR) awards.
In an attempt to offer a new and perhaps transformational approach to the critical need for solar-energy breakthroughs, the Directorate for Mathematical and Physical Sciences created a new program last year whose first competition has just been completed.  This program titled "CHE-DMR-DMS Solar Energy Initiative (SOLAR)" brings together the Divisions of Chemistry, Materials Research, and Mathematical Sciences in supporting scientists from the three disciplines to explore jointly and synergistically new approaches to highly efficient harvesting, conversion, and storage of solar energy.  Eight teams will be funded for three-year awards averaging ca. $1.5M each.  Brief summaries of the projects are given below.
· Optical hyperdoping: Transforming semiconductor band structure for solar energy harvesting
Eric Mazur (PI), Alan Aspuru-Guzik, Michael P. Brenner, and Cynthia M. Friend

Harvard University
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This multidisciplinary group from Harvard University will develop novel earth-abundant materials for solar energy harvesting. The method involves irradiating semiconductor materials such as silicon with intense, ultrashort laser pulses in the presence of certain gases. The irradiation completely changes the optical and electronic properties of the materials, making them highly absorptive (see the black areas of the silicon wafer in the attached image).  This could open the door to greatly improved efficiency of solar energy conversion.

· Design and development of efficient solid-state dye-sensitized solar cells
James K. McCusker (PI), Gregory L. Baker, Andrew Christlieb, Lawrence T. Drzal, and Keith S. Promislow

Michigan State University
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This project brings together scientists with expertise in solar energy science, polymer chemistry, materials science, and mathematics with the goal of developing efficient, solid-state dye-sensitized solar cells. The program is based on a synergistic collaboration in which mathematical modeling will be coupled with the synthesis and characterization of novel polymer-based substrates for ion conduction, a key aspect of photovoltaic conversion in the solid-state. These efforts will result in the creation of a new class of photovoltaics that could achieve high efficiency at low cost for the production of electricity or for use in the development of devices for the synthesis of fuels derived from solar energy.

· Luminescent solar concentrators based on semiconductor nanorods 

David F. Kelley (PI), Valerie Leppert, and Boaz Ilan 

University of California at Merced 
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This research is focused on the use of nanotechnology in luminescent solar concentrators that will absorb and strongly concentrate solar energy.  The central idea is to use specially aligned nanorods as the optical media in these concentrators. The research will combine nanoparticle synthetic methods with optical spectroscopy, high resolution electron microscopy, and mathematical modeling to develop semiconductor nanorod quantum dots suitable for use in luminescent solar concentrators.
· Ultrabroad spectral bandwidth excitonic thin-film solar cells based on carbon nanotubes
Steven R. Forrest (PI), Robert Krasny, I.Gary Rosen, Mark E. Thompson, and Chunming Wang

University of Michigan Ann Arbor

[image: image4.emf]This team will explore creating nanometer-thin layers of materials that control, at the most fundamental level, how solar photons are absorbed by a carbon-nanotube/polymer mixture, and then converted into electrical current.  This interdisciplinary project will create a soluble film of carbon nanotubes wrapped in polymers to form the active region of the devices. The team will develop new mathematical tools to model charge and energy transport within the films, as well as new algorithms to optimize solar light coupling into the ultrathin device layers.  

· Integrated electro-photonic development of polymer solar cells

Edward T. Samulski (PI), Rene Lopez, and Sorin Mitran
University of North Carolina at Chapel Hill
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A collaborative group of chemistry, physics, and applied mathematics researchers at UNC has developed a class of photonic crystal designs showing significant increases in polymer solar cell efficiency. Inspired by nature's own design manifested in the beautiful iridescent colors of minerals, gems, insects, and butterflies, these periodic structures have crystalline dimensions smaller than the wavelength of light and are able to enhance the absorption of light. The UNC team is embossing photonic crystal patterns onto the active layer of fabricated polymer solar cells, and these cells will be the subject of this research aimed at highly improved performance. 
· Programming the self-assembly of matter for solar energy conversion

Cherie Kagan (PI), Charles L. Epstein, Robert Ghrist, Christopher Murray, and Virgil Percec 
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University of Pennsylvania

Highly branched organic molecules and semiconductor nanocrystals, which individually self-assemble into single and multi-component lattices, will be co-assembled into organic-inorganic superlattices with tailored structural motifs.  The organic and inorganic components will be selected and their assembly programmed under guidance by mathematical models.  The aim is to achieve hybrids tailored for charge separation and transport or for energy transfer and efficient photoluminescence that will be integrated into solar photovoltaics or luminescent solar concentrators.

· High-efficiency solar generation of hydrogen fuel from novel "tuned" electrocatalytic nanostructures
Allen J. Bard (PI), Irene M. Gamba, and Charles B. Mullins
University of Texas Austin
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This group will study nanostructured, semiconducting photocatalysts for high-efficiency photoelectrochemical (PEC) devices for the direct conversion of solar photons into hydrogen fuel via water electrolysis.  Discovery of nanostructured photocatalysts will involve designing, developing, fabricating, testing and understanding, through mathematical modeling, their performance characteristics for solar PEC production of H2.  The key to the discovery of new photocatalysts is finding new compositions and structures at the nanometer scale.  A combination of computational mathematics and rapid synthesis and combinatorial screening tools will be used to reveal  and optimize structure/function relations.  
· Novel nanomaterials and mathematical analysis for ultra-high efficiency photovoltaic systems: A new paradigm in solar cells
Lisa D. Pfefferle (PI), Ronald Coifman, Sohrab Ismail-Beigi, Chinedum Osuji, and Andre Taylor
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Yale University
This interdisciplinary team is developing a method to produce aligned arrays of high-performance nanomaterials within organic semiconducting matrices on large-area substrates. The directed assembly of the nanomaterials provides periodic surfaces for charge separation that are tightly spaced. This idealized geometry has the potential for substantially increasing the quantity and utilization of photogenerated excitons and could lead to highly increased solar cell efficiencies.
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